Mutations in the DYNC1H1 gene encoding for dynein heavy chain cause two closely related human motor neuropathies, dominant spinal muscular atrophy with lower extremity predominance (SMA-LED) and axonal Charcot-Marie-Tooth (CMT) disease, and lead to sensory neuropathy and striatal atrophy in mutant mice. Dynein is the molecular motor carrying mitochondria retrogradely on microtubules, yet the consequences of dynein mutations on mitochondrial physiology have not been explored. Here, we show that mouse fibroblasts bearing heterozygous or homozygous point mutation in Dync1h1, similar to human mutations, show profoundly abnormal mitochondrial morphology associated with the loss of mitofusin 1. Furthermore, heterozygous Dync1h1 mutant mice display progressive mitochondrial dysfunction in muscle and mitochondria progressively increase in size and invade sarcomeres. As a likely consequence of systemic mitochondrial dysfunction, Dync1h1 mutant mice develop hyperinsulinemia and hyperglycemia and progress to glucose intolerance with age. Similar defects in mitochondrial morphology and mitofusin levels are observed in fibroblasts from patients with SMA-LED. Last, we show that Dync1h1 mutant fibroblasts show impaired perinuclear clustering of mitochondria in response to mitochondrial uncoupling. Our results show that dynein function is required for the maintenance of mitochondrial morphology and function with aging and suggest that mitochondrial dysfunction contributes to dynein-dependent neurological diseases, such as SMA-LED.
Introduction
Cytoplasmic dynein (later referred as dynein) is the major molecular motor involved in retrograde transport along microtubules. Multiple lines of indirect evidence point to dynein being involved in neurodegenerative diseases (Chevalier-Larsen and Holzbaur, 2006; Eschbach and Dupuis, 2011) and recent work identified mutations in the dynein heavy chain gene (DYNC1H1) leading to human neurological diseases. Initially, de novo mutations in exons encoding the motor domain of DYNC1H1 were identified in patients with major mental retardation (Vissers et al., 2010; Willemsen et al., 2012) (Supplementary Fig. 1 ). In parallel, a cluster of mutations in exons encoding the tail domain of DYNC1H1 were shown to lead to hereditary motor neuropathies. Firstly, the p.H306R mutation leads to dominant axonal Charcot Marie Tooth (CMT) disease (Weedon et al., 2011) . Secondly, p.K671E, p.Y971C and p.I584L DYNC1H1 cause dominant spinal muscular atrophy with lower extremity predominance (SMA-LED) (Harms et al., 2012) . Interestingly,
